The Record Power Profi le to Assess Performance in Elite Cyclists 30 min. Thereafter, many studies extrapolated the hyperbolic model to the level of the total body: Moritani [10] , Morton [11] , Wilkie [26] and specially, Peronnet and Thibault [12, 13] . The latter developed a physiological model of running performance. Their analysis provides a description of world running records. The model allows the computation of an objective measure of endurance: the index of endurance capability. It corresponds to the slope of the relationship between the percentage of VO 2 max which can be sustained and the running time from 7 min to 2 h. Few studies have investigated the relationship between PO and time in cycling. In several studies [2, 3, 14, 15, 24, 25] the maximum mean power (MMP) during competition has been analysed to assess the cyclist ' s capacity to produce PO according to diff erent durations ranging between 5 s to 30 min. To the best of our knowledge, there has only been one study (unpublished observations) that has conducted a PO follow-up during a long period (Larrazabal et al., Birmingham, oral communication at the Endurance Sports Science Conference, 2006). They studied the MMP over diff erent durations (between 1 s and 6 h) in road cycling races. They reported a power profi le from Introduction ▼ Training and racing with a powermeter (SRM, Powertap) has nowadays become the norm of many elite cyclists, making the power output (PO, W) data readily available. The PO measurements enable the assessment of the cyclist ' s training and racing intensity zones according to their skills and thus, to their race performance profi le: sprinters, climbers and fl at specialists. These PO-based intensity zones optimise the training program. Recent studies [5, 8] showed that when PO is used to determine intensity domains, one must take into account an unavoidable law imposed by human physiology, which says that one ' s level of PO and the duration it can be sustained are directly hyperbolically related. The relationship between PO and time has been studied since the second part of the XX th century.
Monod and Scherrer were the pioneers and characterised this relationship from a hyperbolic function [9, 18, 19] . They determined the concept of critical power from the fact that the time to exhaustion is inversely proportional to the rate at which the work is performed. However, their studies were cut down only for local muscular exercises and exercise durations between 4 and
The purpose of this study was to assess the Record Power Profi le (RPP) of cyclists, i. e., the relationship between diff erent record Power Output (PO) and the corresponding durations through a whole race season. We hypothesized that PO of diff erent eff ort durations could differ according to the cyclist ' s category and race performance profi le. 17 cyclists (9 professionals and 8 elites) performed all trainings and competitions during 10 months with a mobile power meter device (SRM) mounted on their bike. The results show that the cyclists ' RPP is a hyperbolic relationship between the diff erent record PO and time durations. It signifi cantly refl ects the characteristics of diff erent skills: 1) sprinters have the highest record PO within zone 5, 2) climbers present the highest record PO within zones 2 -3 and, 3) climbers and fl at specialists have higher zone 1 record PO than sprinters. These results suggest that the RPP represents " a signature " of the cyclists ' physical capacity and that it allows the determination of diff erent training intensities. The RPP appears as a new concept that is interesting for coaches and scientists in order to evaluate performance in cycling.
a 2 year PO follow-up with 5 Spanish professional cyclists. The only studies which reported intensity domains according to the PO -time curve determined training zones with time durations between 2 and 15 min [8] and according to a 3-min all-out cycling test in laboratory [5] . Jones et al . [8] who reviewed in a recent paper the historical foundations of the PO -time-toexhaustion relationship, defi ned 3 intensity domains according to the critical power (CP) concept: the severe exercise intensity (high intensity) zone for time to-exhaustion values between approximately 2 and 15 min (i. e., CP), the heavy exercise intensity zone between the lactate threshold (LT) and CP and, the moderate intensity exercise zone below LT. The CP presents the upper boundary of the heavy exercise domain and the lower boundary of the severe exercise intensity domain. Within these 3 intensity domains, Francis et al . [5] determined 5 training intensity zones: zone 1 within the moderate intensity domain, zones 2 -3 within the heavy intensity domain and zones 4 -5 within the severe intensity domain. To the best of our knowledge, no study reported training zones from a PO -time curve within a broad range of time durations regularly used by elite cyclists in races (1 s to 4 h) with PO data collected in real road cycling. In a recent invited commentary, Vantahalo et al . [21] suggested that the PO -time relationship may still be relevant for considerably longer endurance events (such as road cycling).
We propose an original study conducted over several months on the follow-up of the record PO, i. e., the highest PO produced by the cyclist, during the whole competitive season among a heterogeneous population of cyclists to analyse the eff ect of the cyclist ' s skills on the power profi le (PO -time curve). We prefer the term of " record PO " in the place of MMP because we consider the highest PO obtained during racing and training. Thus, the power profi le of a cyclist, defi ned as the Record Power Profi le (RPP) corresponds to the relationship between diff erent sequential records of PO and the corresponding time durations (races durations) during a whole race season. The purpose of this study was to determine the RPP within a broad range of time durations of diff erent categories of cyclists and to analyse the eff ect of their performance profi le in race (skills) within diff erent exercise intensity domains determined from the RPP. We hypothesized that the levels of PO in the diff erent exercise intensity zones could be diff erent according to the cyclist ' s categories and their physical skills.
Methods

▼ Subjects
17 riders agreed to take part in the present study. Their mean ( + SD) age, height, body mass and Maximal Aerobic Power (MAP) were 24 ± 4 years, 178 ± 4 cm, 67 ± 6 kg and 6.4 ± 0.4 W.kg − 1 , respectively. MAP was determined from an incremental specifi c cycling test (30 W / 2 min) with a SRM Indoor Trainer [4] . Prior to participating in any testing sessions, each subject provided written informed consent in accordance with the institutional Human Research Ethics Committee and the study was performed in accordance with the ethical standards of the International Journal of Sports Medicine [7] . 9 cyclists were members of professional cycling teams and covered between 25 000 and 35 000 km per year. The others (n = 8) were elite cyclists and classed 1 st category in France, with 6 of them belonging to the U23 national team. They covered a total of kilometers ranging from 15 000 to 23 000 km per year. All the cyclists had a high performance level and their average weekly training time was 20 h. The cyclists were divided in diff erent groups according to their skills in race: sprinters (n = 5), climbers (n = 7) and fl at specialists (n = 5) [16, 23, 24] .
SRM measurements
The cyclists performed all their trainings and competitions during 10 months (December to September) with a mobile power meter mounted on their bike (SRM Professional Training systems, Schoberer Rad Messtechnik, J ü lich, Germany). They were given instructions on how to use the SRM Powermeter. According to the manufacturers ' recommendations, the calibration slope of each SRM was verifi ed 3 times during the season by using a static calibration to determine the relationship between the torque (Nm) and frequency (Hz) [27] . For all SRMs, the static calibration confi rmed the slope that was previously established by the manufacturers. In order to take into account both, the climatic conditions and the residual torque (no force applied on the crank) applied on the SRM system, the zero off set frequency procedure was performed by the cyclists before each training and race (according to the manufacturer ' s recommendations). They were informed of the importance to perform this procedure in order to obtain accurate PO data [6] .
SRM data analyses
After each training and competition, the cyclists transferred their data from the power control to their computer using SRM Software (v6.41.04 Schoberer Rad Messtechnik, Germany). The cyclists trained on an average of 6 times per week, which corresponds to about 250 fi les per cyclist over the 10 months. After receiving their fi les by email, the data was performed with the use of TrainingPeaks software (WKO + , v3.0, Peaksware, CO, USA). All the data were analysed in order to determine the RPP of the cyclists. The diff erent record PO correspond to 13 MMP for times of 1, 5, 30, 60 s, 5, 10, 20, 30, 45, 60, 120, 180, 240 min. The RPP of a cyclist corresponds to the relationship between the 13 MMP and the diff erent durations including all the races and trainings during one season of competition. The PO in the RPP was expressed relative to the cyclist ' s body weight (W.kg − 1 ).
Exercise intensity zones
The exercise intensity zones were determined from the RPP using the 13 record PO, on the one hand according to exercise intensity domains defi ned by Jones et al ., [8] , Francis et al ., [5] and Vogt et al ., [22] and on the other hand, from the PO distribution according to time in diff erent elites races [3, 23 -25] . The exercise intensity zones were defi ned as follows: zone 1 (between 1 and 4 h; moderate exercise intensity), zone 2 (between 20 and 60 min; heavy exercise intensity; traditional individual time trial and long climbs), zone 3 (between 5 and 20 min; low part of the severe intensity zone; short individual time trial), Zone 4 (between 30 and 5 min; high part of the severe intensity zone; long maximal sprint) and zone 5 (between 1 and 30 s; forcevelocity zone; short maximal sprint).
Statistics
Descriptive statistics were used and all data were expressed as mean ± standard deviation (SD • ▶ Fig. 2 shows the RPP according to the cyclist ' s skills and the diff erent exercise intensity zones. • ▶ Fig. 3, 4 present 2 examples of changes in RPP during a whole season for a cyclist ( • ▶ Fig. 3 ) and at the end of the season between 2 cyclists ( • ▶ Fig. 4 ).
Discussion ▼
The purpose of the present study was to determine the RPP of diff erent categories of cyclists within a broad range of time durations, and to analyse the eff ect of their performance profi le in races (i. e., their skills) within diff erent exercise intensity domains determined from the RPP. The results of this study are original because to the best of our knowledge no study has been conducted on this topic by taking into account a PO follow-up among a heterogeneous population of cyclists during the whole competitive season. The RPP of the cyclist was determined from the relationship between 13 diff erent record PO and the time of exercise. The majority of the record PO were obtained in races except those of 1 and 5 s that were generally obtained during training. Indeed, cyclists generally provide this type of eff ort at the fi nish of a race with an important rate of accumulated fatigue. We preferred the term of " record PO " instead of MMP because we consider that the highest PO obtained during competition and training, i. e., the highest PO developed by the cyclist, is not the maximum that can be achieved by the cyclists. This is mainly due to the fact that many factors such as drafting, team tactics, types of terrain and environmental conditions infl uence the PO in the fi eld. The results show a hyperbolic relation as previously described by Monod and Scherrer [9, 18, 19] . The relationship of PO vs. time is interesting because it refl ects the physiological law which states that the higher the exercise intensity, the shorter the time of exercise according to a hyperbolic decrease. This decrease can be explained by the combined actions of the diff erent bioenergetic processes according to the diff erent sources of energy supply. It is similar to the decline of velocity and / or oxygen consumption according to time [10 -13, 26] .
The mean RPP of all cyclists can be expressed by the equation: PO = 9.85.t severe intensity zone (zone 4: between 30 and 60 s) and forcevelocity zone (zone 5: between 1 and 5 s). No signifi cant diff erence in the overall RPP (i. e., within the diff erent intensity domains) was observed between the elite and the professional RPP, but there seems to be a trend. The professional cyclists have higher record PO (about 0.2 W / kg) than the elite cyclists for durations within the zones 2 and 3 (between 5 min and 1 h). Firstly, this small diff erence can be explained by the fact that the elite cyclists in our study were represented by several young cyclists who belong to the U23 national teams and have a physical potential that will probably allow them to become professional in the coming years. Thus, their physical capacities were already well developed and some of these cyclists were specialised in a specifi c domain (e. g., sprint or climbing). Secondly, the professional cyclists were of heterogeneous level from national to world top-10 (Continental team helper to Pro Tour leader). Finally, these 2 cyclists ' populations were composed of many cyclists with different skills and all having an important physical potential. In cycling, it is not always the strongest cyclist who wins. Due to drafting, race tactics and the nature of the terrain, various types of cyclists can express themselves and win. So, we have obtained signifi cant results with the comparison of the cyclist ' s skills divided into sprinters, climbers and fl at specialists. The sprinters have the signifi cantly highest record PO within zone 5. This is natural because their specifi city is based on their aptitude to produce a high level of PO during short times especially in the sprint during the fi nish of a race. The climbers present the highest record PO within zones 2 and 3. Indeed, these domains are their strongest points when PO is normalised relative to their body weight (in W.kg − 1 ). The climbers are characterised by a high level of performance in climbs with durations that range between 5 and 50 min (zones 2 and 3). Their lightness is a great advantage to overcome the force of gravity in the climbs with important slopes. However, when their record PO are expressed in absolute PO (in W), the benefi t is lost. This certainly explains why they have more diffi culties riding on the fl at ground. Inversely, the fl at specialists present high record PO within zones 2 and 3 when the values are expressed in absolute PO. On fl at ground, the body weight has a negligible eff ect when cycling at a regular speed without acceleration-deceleration phases and 90 % of the total PO is developed against the aerodynamic drag [1] . So, future studies will deal with the measurement and modelling of aerodynamic drag in a wind-tunnel in order to assess performance on fl at ground and to link it to the RPP. Finally, both the climbers and the fl at specialists present the highest record PO within zone 1 compared to the sprinters. The low record PO of the sprinters between 2 and 4 h can be due to race tactics, because for a large part of the race they stay in the bunch. They try to benefi t from drafting in order to keep a maximum energy for the fi nal sprint. The results of our study indicate that the RPP is more linked with the diff erent exercise intensity zones of the cyclist than with the competition level. For example, a professional sprinter has a high record PO within zone 5 but he probably has a lower record PO within zone 2 than an elite category fl at specialist. Our results suggest that the RPP can represent an interesting signature i. e., a kind of identity card of the physical potential of the cyclist. Each cyclist has a diff erent physical potential and the RPP can model it. The changes in PO within the diff erent exercise intensity zones can be observed through the PO follow-up procedure during a whole race season and along diff erent seasons. The intra and inter-individual changes in RPP ( • ▶ Fig. 3, 4 ) agree with the seasonal changes in aerobic fi tness indices in elite cyclists reported by Sassi et al . [17] . This gives knowledge about the improvement of the cyclist ' s capacities in cycling. This concept is very attractive for the coach to track the cyclist ' s fi tness. The coach will exactly know if the athlete is close to his optimal fi tness. Furthermore, it is possible to determine optimal training intensities from the 5 exercise intensity zones of the RPP data for power-based training. This evaluation of the training intensities appears more accurate compared to the conventional laboratory tests because it comes from performances performed in the fi eld by cyclists on their personal bikes. Changes in the training program can be made in response to the RPP allowing the coach to optimize the training process. Schumacher and Pottgiesser proposed to establish a performance profi ling to target suspicious athletes in the fi ght against doping [20] . Our results suggest that the RPP could be integrated in this approach in order to monitor the changes in the diff erent physical capacities of the cyclist during several competitive seasons.
In conclusion, our study shows the new RPP concept, which allows to express the physical potential of the cyclist through the relationship between diff erent record PO and time. The RPP refl ects the skill of the cyclist according to the levels of PO in different exercise intensity zones. It appears to be an innovative method for the cycling training process with an optimization of the training intensities for power-based training.
